We present a case series of early second-trimester prenatal ultrasound (US) features in 4 fetuses with a confirmed diagnosis of choanal atresia. The clinical characteristics and outcomes evaluated included prenatal US findings, genetic analyses, postmortem autopsies (2 cases), and computed tomographic findings. A transient large nasal cavity was detected by US in all 4 fetuses. This finding disappeared a few weeks later. Three cases were unilateral choanal atresia, and 1 was bilateral. Transient enlargement of the nasal cavity in early pregnancy appears to be a US sign of choanal atresia.
C hoanal atresia is a rare congenital anomaly characterized by narrowing or obliteration of the posterior nasal aperture, leading to failure of the posterior nasal cavity to communicate with the nasopharynx. 1 The estimated incidence of choanal atresia is 1 per 5000 to 7000 live births. The pathogenesis of choanal atresia remains elusive. 1, 2 Theories proposed include abnormal neural crest cell migration, the presence of a membranous or a bony "shelf" that obliterates the choana, and genetic (CHARGE syndrome [coloboma, heart anomaly, atresia of the choana, fetal growth restriction and development, genital anomaly, and ear deformity]) and molecular (retinoic acid deficiency) etiologies. Unilateral choanal atresia is more common than bilateral. Bilateral choanal atresia is considered an emergency condition at birth, as neonates are "obligate nasal breathers." Thus, quick diagnosis is crucial, and immediate airway preservation is mandatory. 3 Unilateral choanal atresia is usually manifested in infancy at the age of 5 to 10 months by persistent mucoid rhinorrhea or chronic sinusitis. 3 Associated malformations frequently present with choanal atresia and are reported in approximately 50% of cases. 4 The most common association is found with CHARGE syndrome. The description of fetal ultrasound (US) signs that are suspicious for CHARGE syndrome is limited. In all published cases of this syndrome, the diagnosis was made postnatally or at autopsy. [5] [6] [7] [8] Diagnosis is possible by molecular analysis, as mutations in the CHD7 (chromodomain helicase DNA-binding protein 7) gene are known to be the major causes of CHARGE syndrome. 7 The diagnosis of choanal atresia is established postnatally by the inability to pass a firm catheter through each nostril 3 to 4 cm into the nasopharynx. The atretic plate may be seen directly on with fiber-optic rhinoscopy. 3 Prenatal diagnosis of choanal atresia carries important clinical implications. However, we have not found any publication in the literature that reported the diagnosis of choanal atresia in pregnancy. Prenatal counseling necessitates a multidisciplinary approach. A detailed US scan should be performed for additional anomalies, focusing on the features of CHARGE syndrome. Consultations with geneticists and neonatologists should be considered. When choanal atresia is bilateral, an otolaryngologist should be consulted regarding the critical immediate postnatal period. In this series, we describe for the first time to our knowledge the US features that appear in the early second trimester and that can assist in the early prenatal diagnosis of choanal atresia.
Materials and Methods
Three cases of choanal atresia were identified from the computerized database of US examinations at a single medical center. This database includes digital records of early transvaginal anatomic scans performed in 81,000 women between 14 and 17 gestational weeks over the course of 30 years. The fourth case was diagnosed at a different medical center. Ultrasound scans were performed with ESI 1000 and 3000 US machines (Elscint Ltd, Haifa, Israel) equipped with 6.5-and 7.5-MHz vaginal transducers and 5-and 3.5-MHz abdominal transducers or an iU22 machine (Philips Healthcare, Bothell, WA) equipped with a 5-9-MHz vaginal transducer and a 2-6-MHz abdominal transducer. The fourth fetus was examined with a Voluson E6 US machine (GE Healthcare, Milwaukee, WI) using RIC 5-9H/OB vaginal and RAB 4-8L/OB abdominal transducers. The study population consisted of self-referred, low-risk patients who were interested in early US detection of fetal anomalies and patients who were referred by their physicians for the same purpose or for a second opinion. This large database reflects the tendency to perform a detailed targeted US examination of almost every pregnant woman in our practice. The examination in the early second trimester is usually performed by transvaginal US. The series was approved by the Rambam Medical Center Institutional Review Board.
Results
Four fetuses had a diagnosis of choanal atresia. The first fetus was evaluated at 16 gestational weeks. An isolated finding of unilateral dilatation of the nasal cavity was detected in the sagittal transverse plane ( Figure 1A ). The enlarged left nasal cavity resulted in deviation of the nasal septum and obliteration of the right side, providing the appearance of a "single nasal cavity." Otherwise, the anatomic scan results were normal. Amniocentesis was performed and resulted in a normal 46,XX karyotype. The single-nasal cavity appearance resolved at 18 gestational weeks. No abnormality was observed on a later US scan. After a term vaginal live birth, the neonate had a diagnosis of unilateral choanal atresia. Computed tomography showed a blocked left choana, whereas on the right side, the nasopharyngeal passage was normal ( Figure 1B ).
The second fetus had a diagnosis at 15 gestational weeks. In the axial plane (Figure 2A) , the nasal septum was deviated by a dilated right nasal cavity. The tissue observed in the right nasal cavity in the parasagittal plane was interpreted as a middle concha ( Figure 2B ). No additional abnormality was detected by US. Amniocentesis was performed and resulted in a normal karyotype. An examination at 18 gestational weeks depicted normal nasal cavities and a normal septum ( Figure 2C) ; however, the patient opted to terminate the pregnancy because of the high suspicion of choanal atresia and for personal social reasons. Computed tomography performed after termination of the pregnancy confirmed the diagnosis ( Figure 2D Figure 2E ).
The third fetus was referred for an examination at 16 gestational weeks because of a cystic-like dilated nasal cavity. At 18 weeks, this finding disappeared, and the nasal cavity appeared regular and normal. No additional abnormality was detected by US. The patient was offered a genetic workup. Amniocentesis for the karyotype and a chromosomal microarray analysis were performed. A large de novo deletion in chromosome 5 was found. The patient opted to terminate the pregnancy after genetic consultation. At autopsy, the right choana was obstructed, whereas the left choana was open, and a communication between the nasal cavity and the pharynx was documented.
The fourth case was a low-risk pregnancy scanned at 15 gestational weeks. Remarkable bilateral dilatation of the nasal cavities and nares was observed (Figure 3 , A-C). At 18 weeks, these US signs resolved ( Figure  3D ). No additional abnormality was detected by US. A genetic workup included the karyotype and a chromosomal microarray analysis; both had normal results. No targeted follow-up was performed. After a spontaneous vaginal delivery at term, the neonate had a diagnosis of bilateral choanal atresia. Computed tomography showed bilateral atretic narrowed choanae ( Figure 3E ). The choanal atresia resulted from membranous shelves without a bony obstructing component. At the age of 7 days, the neonate underwent endoscopic surgery to repair the choanal atresia by introducing stents in both sides.
Discussion
The main US finding in the 4 documented fetuses with choanal atresia was a transient fluid collection within the obstructed nasal cavity, which was observed on the early second-trimester scan. Unilateral choanal atresia may simulate a single nasal cavity (because of nasal septum deviation and obliteration of the normal side). In all of the fetuses, the dilated cavity resolved to a normal appearance in the subsequent few weeks.
Early in the first trimester, the nasobuccal membrane separates the nasal cavity from the pharynx. It ruptures normally at approximately 7 gestational weeks, creating the primary choana, which communicates between the nasal cavity and the pharynx. 2 Congruent with our findings, we suggest that choanal atresia might originate from delayed rupture of the nasobuccal membrane, which occurs at approximately 17 to 18 gestational weeks. We assume that this delayed absorption of the membrane disrupts the normal development of the choana and consequently leads to its atretic development. We also postulate that a secondary process might take place. Due to the narrowing of the choanal space, as seen in the computed tomogram of the neonate with bilateral choanal atresia (Figure 3) , mucus accumulates in the narrowed choana. Secretion 
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of mucus by mucosal lining cells in the nasal cavity might begin prenatally and contribute to the narrowing of the choana. Nonetheless, we do not have an explanation for the delayed timing of the rupturing of the nasobuccal membrane.
A suspicion of choanal atresia should alert for the possible presence of additional anomalies, such as in CHARGE syndrome. [5] [6] [7] [8] [9] Prenatal diagnosis of CHARGE syndrome is rare, and diagnosis is generally postnatal. Busa et al 5 published their experience with prenatal findings in 12 children with CHARGE syndrome, which was confirmed in the first 3 months of life by a genetic workup that identified the CHD7 mutation. In 7 of the pregnancies, isolated or multiple congenital anomalies were recognized on US imaging, but CHARGE syndrome was suspected prenatally in only 3 fetuses. One fetus presented with a unilateral cleft lip, intrauterine growth restriction, and external ear anomalies. A second fetus presented with an atrioventricular septal defect, dilated ureters, and an external ear anomaly, which were diagnosed at 31 gestational weeks. Choanal atresia was suspected, but no US description for this assumption was mentioned. The third fetus had a bilateral cleft lip, which was diagnosed at 22 gestational weeks. Molecular testing for CHD7 was not performed during pregnancy in these 3 fetuses. Sanlaville et al 6 analyzed the coding sequence of the CHD7 gene in 10 fetuses who presented with clinical features of CHARGE syndrome, as diagnosed by a clinicopathologic examination after termination of pregnancy. All fetuses presented with bilateral and asymmetric external ear abnormalities, semicircular canal hypoplasia/agenesis, and arhinencephaly. Choanal atresia was reported in 6 of the 10 fetuses; however, all cases were diagnosed at autopsy. The 10 aforementioned cases of CHARGE syndrome were extended by Legendre et al 8 to 40 cases 6 years later. In 2 cases, pregnancy was uneventful, but death occurred a few days after labor. In 38 cases, pregnancy was terminated, and in approximately half of the cases, choanal atresia was diagnosed at autopsy. None was detected prenatally, and the authors concluded that the US diagnosis of choanal atresia in utero, as well as coloboma, is practically impossible. Contrary to the previous data, we found that the transient dilatation of the fetal nasal cavity observed on an early second-trimester scan is indicative of ipsilateral choanal atresia and can be used as a prenatal imaging feature of this anomaly. Since most US examinations in the aforementioned study were performed beyond 20 gestational weeks, 8 this sign had probably disappeared. In contrast, all US examinations in our series study were transvaginally performed in the early second trimester, which enabled recognition of the dilated nasal cavity.
Patency of the nasopharyngeal pathway can be shown by US in the late second and third trimesters. Color Doppler US in the superior transverse plane of the face shows patency of the inferior nasal meatus when the examination is performed in parallel with fetal breathing movements. 8 In contrast, the absence of flow through one or both nostrils, concomitant with fetal breathing, should not be considered a reference standard for the diagnosis of choanal atresia. The transient absence of flow through the nares might occur without any abnormality. Accordingly, this finding should alert for possible nasal obstruction. The differential diagnosis of congenital nasal obstruction should include nasolacrimal duct cysts, which usually develop in the presence of dacryocystocele 9 in the third trimester, and nasal masses. 8 Magnetic resonance imaging as an additional imaging modality for the prenatal diagnosis of choanal atresia has not been reported, although we expect that it might provide added value.
In conclusion, to our knowledge, this article is the first report of a series of cases of choanal atresia diagnosed prenatally by a unique US sign: namely, a transient fluid collection within the obstructed nasal cavity and its dilatation in the early second trimester. Observation of this sign should prompt detailed US scanning for CHARGE syndrome and a genetic consultation, including genetic testing for mutations in the CHD7 gene.
